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Introducton
One problem frequently encountered

by public health researchers and health
planners in the United States is the ab-
sence of socioeconomic data in many
widely used and routinely collected
sources of health and disease information,
such as medical records, disease regis-
tries, and vital statistics.,2 This omission
is important, because social class, educa-
tion, and income are known to influence
both health status and use of health
services.'-7 Without these data, it is diffi-
cult not only to assess the role of socio-
economic factors in shaping the public's
health, but also to ascertain whether a
given study population is representative of
the general population, and hence
whether the study's findings legitimately
can be generalized to the public at large.

To overcome this obstacle, various
US investigators have sought to supple-
ment individual-level health records with
social class measures derived from an ad-
ditional and easily available source of so-
cioeconomic data, the US census.' 8-20 In
this approach, individuals are character-
ized by the socioeconomic profile of the
immediate neighborhood in which they
live (usually defined as the census tract),
with the link provided by each person's
residential address. To date, however, lit-
tle research has examined the validity of
this methodology,' 8,2' including the de-
gree to which it may result in ecologic fal-
lacy (i.e., the erroneous inference of
causal relations at the individual level on
the basis of grouped data).8'22-23

To evaluate this census-based ap-
proach, I obtained health records with in-
dividual-level socioeconomic data from a
large, multiethnic prepaid health plan and
linked each individual's record to census-
derived socioeconomic data acquired

from two different geographic levels: (1)
the census tract and (2) the census block
group (a smaller and often more homoge-
nous subdivision of the census tract that,
on average, contains 1000 persons, as
compared with the 4000 that typically re-
side in a census tract24). I then compared
the association of both individual-level
and census-based socioeconomic mea-
sures with four different health character-
istics known to vary by race and socio-
economic position: hypertension,2,25
height,2,7,26 cigarette smoking,2'7 and
number of full-term pregnancies.2,27 Cen-
sus-based socioeconomic measures also
were used to assess whether members of
this health plan are representative of the
surrounding general public. These analy-
ses extend a smaller pilot project that com-
pared individual, household, and census-
derived social class measures as correlates
of Black-White differences in reproduc-
tive history.21

Methods
Population

Study subjects consisted of all per-
sons contained in the June 1985 computer-
stored membership tape of the Kaiser Per-
manente Medical Care Program
(KPMCP), Northern California Region
(n = 1 924 995). Only data on age and
gender are available for the total KPMCP
membership; race/ethnicity and socioeco-
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nomic position are not ascertained. In
1987, the Medical Economics Department
of KPMCP sent the June 1985 member-
ship tape to be "geocoded" by a commer-
cial firm, at a cost of $4.50 per 1000 rec-
ords. This process assigned each
individual a county code, census tract
number, and block-group number based
on the member's residential address and
on geographic regions defined in the 1980
census.

A total of 1 593 388 KPMCP mem-
bers (82.8%) were successfully geocoded.
These members lived within 22 counties
that were home to 98.8% of the total 1985
Northern California Region KPMCP
membership. Missing or incorrect ad-
dresses, along with the absence of block-
group codes in the 1980 census for three
small Northern California counties (Ama-
dor, Lake, and Nevada), precluded fully
geocoding the remainder. Members who
were and were not successfully geocoded
did not differ by gender and only differed
slightly by age.

Census-Derived Data
Census tract and census block-group

data from the 1980 US census were
matched to each geocoded member's in-
dividual record. Each tract and block
groupwas characterized by its social class
and race/ethnic composition, and also by
poverty and educational level.

Predominantly working-class tracts
and block groups were defined as neigh-
borhoods where 66% or more of the em-
ployed population belonged to the follow-
ing census-based occupational categories:
clerical and administrative support, sales,
private household and other service occu-
pations (except protective services), craft,
transportation, and laborers. These occu-
pations were selected because they dis-
proportionately contain people who can
be consideredworking class (i.e., employ-
ees who do not own their workplace, are
not self-employed, and generally occupy
subordinate positions at work).21,28 The
remaining census-defined occupations
were considered non-working class: ex-
ecutive, administrative, and managerial;
professional specialty; technicians and re-
lated support; protective service; and
farming, forestry, and fishing (which in-
cludes farm owners and managers).

Impoverished tracts and block
groups consisted of federally defined pov-
erty areas, in which 20% or more of the
population lived below the poverty line.29
This economic indicator was chosen over
the more commonly used, statistically de-
fined measure of median family income

because it takes into account a family's
size and age structure and also pertains to
the ability tobuy a specified market basket
of goods.1'3X31 In 1980, the poverty level
was set at $7356 for a family of two adults
and two children.29 Undereducated tracts
and block groups were defined as regions
where at least 25% ofpersons 25 years old
or more had not completed high school.

Multiphasic Health Check-up
Examination Data

Data from the multiphasic health
check-up (MHC) examination were avail-
able for 17 200 persons contained in the
geocoded June 1985 membership tape.
This group represented 91.0% of the
18 904 KPMCP members who completed
both the questionnaire and laboratory por-
tions oftheMHC examination in 1985 and
who were KPMCP members as of June
1985.

Data obtained from the MHC exam-
ination included age atMHCexamination,
gender, race, years of completed educa-
tion, occupation (current, if employed, or
last occupation, ifunemployed or retired),
diastolic and systolic blood pressure,
height, weight, cigarette-smoking history,
and, forwomen, number of full-term preg-
nancies (NFIP). No data on income were
collected. Using the same occupational
groupings described above, social class
was categorized as working class or non-
working class. High blood pressure (HBP)
was defined as diastolic (. 90 mm Hg)
and/or systolic (> 145 mm Hg).32 The
Quetelet index (weight/height2) served as
a measure ofbody mass. The final sample
consisted of 8674 White and 5566 Black
KPMCP members included among the
17 055 persons in the MHC subset for
whom race was identified.

Statistical Methods
Comparisons of demographic and

health-related characteristics used the t
test for continuous variables and the x2
test for categorical variables. The associ-
ation of soioeconomic measures with the
four health characteristics was deter-
mined by multivariate regression models
run separately for the individual, tract,
and block-group data. Analyses were per-
formed with SAS programs for the per-
sonal computer.33

Multiple linear regression was used
for health-related outcomes treated as
continuous variables (height, NFFP).
These models, in the form

permit estimations of how much the de-
pendent variable (y) increases or de-
creases with a unit change in each inde-
pendent variable (xk), as indicated by its
coefficient P3k, controling for the other in-
dependent variables in the model.33'34 Lo-
gistic regression was used for dichoto-
mous (yes or no) outcomes (HBP,
smoking status). This method compares
the probability (p) of experiencing an out-
come given a particular exposurexk, and
is expressed in the form:33,35

logit (p) = log (p/(l - p)) =
Oa + PIXI + f13f2 + + ikXk-

The relative risk associated with a unit
change in each independent variable Xk,
again controlling for other independent
variables included in the model, can be
calculated as e>.

For each health characteristic, the
same group of individuals was analyzed at
the individual, tract, and block-group
level, with all results adjusted for the same
relevant individual-level risk factors (e.g.,
age and gender). These analyses are re-
ferred to as the complete models, since
they included only those individuals miss-
ing no individual-level or census-derived
data for any of the variables included at
any of the three model levels. Total mod-
els permitted analyzing the effect of re-

sponse bias due to missing individual-level
socioeconomic data, and included per-
sons missing these data but not census-
level socioeconomic data or other rele-
vant individual-level data. Contextual
regression analyses,36'37 which incorpo-
rate individual- and group-level measures
of the same traits (e.g., individual class
position and working-class composition of
that individual's tract or block group),
were used to determine whether the ef-
fects of individual socioeconomic position
are modified by neighborhood conditions.
These models used the individual- and
census-level data in the form of a com-
bined dummy variable.

On the basis of the results of these
analyses, block-group characteristics of
the total geocoded KPMCP membership
were compared with those of the total
population for all 22 counties combined.
Because of the extremely large size of the
KPMCP sample (1.6 million, representing
21.6% of the total population), statistical
tests were not used. Instead, differences
between these two groups are noted and
assessed.
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Results
Charactenrsics oftheMHC Subset

The extent of missing data varied
considerably for the demographic and
health-related traits recorded at the MHC
examination (Table 1). With the exception
ofthe few persons missing tract-level data,
Black and WhiteMHC study subjects did
not signiicantly differ in the proportion
missing data for any given trait. They did
differ significantly, however, for every de-
mographic and health-related outcome ex-
cept one (percentage ever smoked) (Table
1).

Validation of Census-Based
Socioeconomic Measures

Among persons included in the com-
plete models, measures of social class and
educational attaiment at the individual,
census-tract, and block-group levels
yielded similar estimates for the associa-
tion of these socioeconomic variables
with, respectively, HBP, height, still
smoking (among ever smokers), and
NFIP (Table 2). Block-group models gen-
erally yielded tighter confidence intervals
than tract models. Tract and block-group
models both tended to underestimate
slightly the socioeconomic associations

observed at the individual level, and nei-
ther rejected the null hypothesis (no class
effects) when this hypothesis was not re-
jected by individual-level models. For
each outcome, Black-White differences
were similarly reduced by adjusting for in-
dividual- and census-level socioeconomic
measures (Table 2).

Use of Census-Based Measures to
Assess Respondent Bias

Adding persons who lacked individ-
ual- but not census-level socioeconomic
data markedly increased the number of
available subjects (Table 3). These addi-
tional persons tended to be older, and
were more likely to be women and to re-
side in predominantly working-class, im-
poverished, and undereducated block
groups, than persons included only in the
complete models.

Evidence of respondent bias in the
complete models was most apparent for
Black-White comparisons concerning
HBP and NFTIP (Table 3). The adjusted
relative risk ofHBP among Black as com-
pared with White MHC study subjects
was 12% lower in the total than in the
complete models (1.5 vs 1.7), while the
relative excess of NFIP was 20%o lower
(0.4 vs 0.5). As would be expected, in-

cluding substantially more persons in the
total models produced tighter confidence
intervals.

ContertualAnalyses
Contextual regression analyses were

conducted only with persons included in
the complete models, since only these
subjects possessed both individual- and
census-level social class or educational
measures. Suggestive contextual effects
for both measures were observed for all
four outcomes in both tract and block-
group models. For example, as shown in
Table 4, working-class women who lived
in non-working-class block groups had
virtuaLly the same number of full-term
pregnancies as non-working-classwomen
who likewise lived in non-working-class
block groups, whereas working-class
womenwho lived in predominantly work-
ing-class block groups had 0.4 more full-
term pregnancies than this latter group
(P < .05).

Application ofthe Census-Based
Methodology

A comparison of block-group char-
acteristics of the geocoded 1985 KPMCP
membership and the 1980 general popula-
tion in the 22 corresponding counties re-
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vealed few differences with regard to race/
ethnic composition (Table 5). Although a
comparable proportion ofKPMCP mem-
bers and the general population lived in
predominantly working-class block
groups, KPMCP members were some-
what less likely than the general public to
live in impoverished and undereducated
block groups (Table 6).

DIusion
The census-based methodology of

supplementing individuals' health records
with socioeconomic data from their cen-
sus block groups appears to offer a valid
and useful approach toovercoming the ab-
sence of socioeconomic data in US med-
ical records. Among 14 240 Black and
White men andwomen who took the KP-
MCP MHC examination, individual,
tract, and block-group measures of social
class and education provided highly com-
parable estimates of association with four
diverse health characteristics known to
exhibit marked social class and race/
ethnic gradients2,7,25-27: hypertension,
height, smoking, and number of full-term
pregnancies.

Beyond this, the use of census data
permitted assessing the effect of respon-
dent bias introduced by missing individu-

al-level data, and also allowed contextual
analyses to be conducted. These analyses
indicated that census data may augment,
and not simply approximate, individual-
level socioeconomic data. Lastly, the cen-
sus-based methodology provided a
straightforward and relatively inexpen-
sive way of ascertaining whether the KP-
MCP membership is representative of the
surrounding general population, with the
findings recently corroborated by the 1989
to 1991 California Risk Factor Surveil-
lance Study (N. Gordon, written commu-
nication, Februaxy 1991).

Compa7son with Other Studies
Using Census-Defived Data

To date, very few US studies have
compared individual-level and census-de-
rived socioeconomic indicators as corre-
lates of health status.l ,821 The greater het-
erogeneity among residents of census
tracts as compared with block groups,
however, has long been of concem,38-39
with some evidence suggesting that block-
group data can identify pockets ofpoverty
or affluence not apparent at the tract lev-
el.40 Also bolstering this study's findings
are the results of a related pilot project
carried out in Alameda County, Califor-
nia.21 This study of 51 Black and 50 White
women found that census block-group

measures of social class and poverty
closely approximated individual-level mea-
sures as correlates of women's reproduc-
tive histories, whereas comparable data
from the tract level performed less well.
Contextual analyses likewise indicated the
importance ofcategorizingwomen by both
individual-level and block-grouplevel so-

cioeconomic characteristics.21
Additional evidence regarding con-

textual effects and health status stems
from another Alameda County study that
found that persons who lived in poverty
areas were 1.7 times more likely to die
during 9 years of follow-up than were per-
sons living in nonpoverty areas, even after
controlling for a large number of demo-
graphic, physiological, and psychosocial
variables.4' Other US research has ob-
served contextual effects for such diverse
phenomena as voting behavior,42-43 stu-
dents' test scores,44 adult participation in
community-based organizations,45 and
social problems associated with residen-
tial segregation46 (e.g., Black profession-
als in the United States are more likely to
live in working-class neighborhoods than
their White peers, such that analyses
"controlling" for only individual-level
class differences fail to capture important
neighborhood-related differences in socio-
economic position).
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Several British investigations likewise
have found that area-based measures of de-
privation and individual-level social class
data detect comparable social gradients in
health outcomes.47-53 As noted by Carstairs
and Morris,48 and by Alexander et al.,50
these area-based measures possess the ad-
ditional advantage ofbeing able to evaluate
the relationship between health status and
socioeconomic position among persons not
easily classified by traditional occupation-
based class measures (e.g., children, stu-
dents, and adults not in the active labor
force). In these studies, area-based mea-
sures of deprivation also revealed intraclass
mortality gradients,49-51 providing addi-
tional evidence of contextual effects.

Potential Biases Affecting the
Census-Based Methodology

The census-based methodology is
not without flaws. First, it requires that

individuals have a residential address, and
that this address be located within a cen-
sus-defined tract or block group. In this
investigation, 17% of the KPMCP mem-
bership could not be geocoded to the
block-group level. Despite their similarity
in age and gender composition, members
with and without block-group data may
have differed with regard to other socio-
demographic characteristics (e.g., urban
vs rural residence), thereby introducing
bias. Manual searches on addresses not
geocoded by computerized procedures,
however, can reduce the percentage of
persons not assigned a block-group num-
ber to under 5%.14,15,21 Moreover, begin-
ning with the 1990 census, block-group
codeswere assigned to the entire nation.54

Second, census data might not accu-
rately characterize the demographic con-
text of study subjects because of the de-
cennial nature of census data55 and also

because of the undercount, which chiefly
affects poor people and people of
color.55-58 Because population growth and
migration can alter a neighborhood's com-
position,55 this census-based methodology
should be used only for residential ad-
dresses falling within 5 years of the closest
census. The undercount, in turn, most
likelywould dilute the association between
health status and block-group socioeco-
nomic measures, since it produces conser-
vative estimates of the number and hence
proportion of poor persons and people of
COlor.55-58

A third concern pertains to ecologic
fallacy, which can produce inflated esti-
mates of individual-level associations.22-23
Although this study used grouped data to
characterize individuals, the census-based
methodology presented here is not af-
fected by the "classic" type of ecologic
fallacy, in which both the dependent and
independent variables are grouped data
and underlying factors associated with the
grouping process confound the results.2-23
Instead, individual-level dependent vari-
ables were analyzed in conjunction with
census-based independent variables. To
minimize heterogeneity in the census

unit, however, it may be preferable to use
block-group rather than tract data, if
available.21-38-40

A final caveat applies to the contex-
tual analyses. Only a limited number of
socioeconomic and health-related vari-
ables were used in these analyses, since
the purpose was to evaluate the associa-
tion between different socioeconomic
factors and health characteristics, as op-
posed to elucidating the pathways
through which these factors exert their
effects. Yet, as noted by some critics,
if individual-level models are not fully
specified, seemingly significant contex-
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tual effects may be spurious, with the
contextual variables only "explaining"
variance that could be better accounted
for by additional individual-level da-
ta.37.59 Even so, the plausible nature
of the observed contextual trends sug-
gests that this technique may provide a
useful means by which to avoid "individ-
ualistic fallacy,"22 that is, the assumption
that individual-level data are sufficient
to explain social phenomena, including
a population's level of health and dis-
ease.60

Signzficance and Usefulness ofthe
Census-Based Methodology

The importance of validating this
census-based approach to measuring so-
cioecononic position is underscored by
the numerous US studies that, in the ab-
sence of individual-level social class data,
have used census-derived data from peo-
ple's immediate neighborhoods in con-
junction with individual-level health data
to describe, analyze, or control for social
gradients in various health outcomes.9-20
These include investigations regarding
race/ethnic differences in cancer inci-
dence and survival,9-16 homicide,17 and
childhood diseases,'8 aswell as studies ex-
aiining intraurban variation in mortali-
ty.'%20 All have observed significant asso-
ciations between people's health status
and the socioeconomic conditions of the
neighborhoods in which they live, and all
have expressed concerns regarding the
use of census-derived data. The results of
this study and comparable research2147-53
indicate that these prior findings most
likely are legitimate and probably under-
estimate the effect that would have been
observed were individual-level social
class data available.

In sum, the census-based methodol-
ogy presented in this study provides a
valid and useful approach to overcoming
the absence of socioeconomic data in
most US medical records. Because cen-
sus data are readily available to all US
public health researchers and geocoding is
not expensive, this methodology easily
can be used with any existing data set that
contains residential addresses. Byoffering
a measure of socioeconomic position that
is applicable to all persons, regardless of
age, gender, or employment status, this
census-based approach also can greatly
assist in both reducing and evaluating re-
sponse bias resulting from incomplete or
inaccurate individual-level socioeconomic
information. Other possible uses include
ascertaining whether a study sample is
representative of the general public,

May 1992, Vol. 82, No.5S

whether a given program is reaching its
intended population, and whether socio-
economic factors contnbute to small-area
variation in health status and health ser-
vice use patterns. Lastly, in those cases
where individual-level data are available,
this methodology permits use of contex-
tual analysis, thereby offering new ave-
nues to investigate the diverse routes by
which social gradients in disease are pro-
duced and maintained.

Apart from raising new questions
about social context, the most important
contribution of the census-based method-
ologymaybe in furnishingUS researchers
with the means to construct age-specific
incidence, prevalence, and mortality
rates, stratified by consistent area-based
measures of social class. This can be ac-
complished for most disease outcomes,
since denominator data typically are cen-
sus derived and can be classified accord-
ing to the same block-group measures.14
By focusing attention on social gradients
in disease within, and not only between,
different race/ethnic groups within the
United States, such data could potentially
reinvigorate, if not reorient, efforts to un-
derstand as well as eliminate sociaLly de-
termined disparities in health. El
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